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I.  SUMMARY 


The  purpose  of  this  contract  has  been  to  determine  the  feasibility 
of  using  electrets  or  electret  materials  in  aerosol  filters,  in  order  to  im- 
prove efficiency  through  electrostatic  precipitation  mechanisms.  Experi- 
mental work  has  gone  forward  in  two  phases,  the  first  a direct  applied 
approach  and  the  second  a more  fundamental  study  of  some  of  the  factors 
involved.  In  the  applied-approach  phase,  empirical  attempts  were  made  to 
produce  electrets  in  forms  useful  for  aerosol  filtration  and  to  observe  im- 
proved performance  with  these  materials.  The  results  of  these  experiments 
revealed  that  the  problem  was  considerably  more  complex  than  was  originally 
anticipated.  In  no  case  was  any  enhancement  of  efficiency  noted  for  known 
electrets,  nor  was  any  evidence  developed  that  electrets  might  exist  in  forms 
other  than  the  classical  wax  disc.  Attention  was  therefore  directed  to  the 
second  phase,  in  which  filter  materials  were  studied  which  were  believed 
to  have  electrostatic  action  of  some  sort  and  possibly  characteristics  of 
electrets. 


Our  attention  has  been  concentrated  mostly  upon  a study  of  resin 
wool  filters  and  certain  Vinyon  microfibers  which  have  recently  been  devel- 
oped for  the  American  Viscose  Corporation.  Although  the  resin  wool  material 
could  hardly  be  composed  of  electrets,  it  is  reported  to  utilize  electrostatic 
mechanisms  of  particle  collection,  so  that  it  bears  a close  relationship  to  the 
problem  in  question.  The  Vinyon  fibers,  which  are  spun  in  air  from  a solvent 
solution  in  the  presence  of  an  electric  field,  have  filtering  properties  similar 
in  many  respects  to  those  of  resin  wool  material.  Since  the  manufacturing 
conditions  are  similar  to  those  required  for  electret  formation,  and  since  the 
aerosol  filtration  characteristics  are  similar  to  those  of  known  electrostatic 
filters,  a considerable  portion  of  the  work  on  this  contract  has  been  devoted 
to  a study  of  Vinyon. 

During  this  work,  it  has  become  more  and  more  evident  that  the 
factors  involved  in  particle  collection  by  fibrous  media  having  electrostatic 
properties  are  very  poorly  understood.  In  order  to  develop  a satisfactory 
filter  incorporating  electrically  charged  materials,  it  is  first  necessary  to 
understand  certain  fundamental  physical  principles,  such  as: 


1.  The  mechanisms  of  particle  attraction  and 
precipitation; 

2.  The  magnitudes  of  the  forces  involved; 
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3.  The  nature  of  the  charges  trapped  on  the 
filter  material  and  perhaps  on  the  aerosol; 

4.  The  effect  of  the  dielectric  constant  of  the 
aerosol; 

5.  The  effect  of  the  particle  size  of  the  aerosol; 

6.  The  role  of  "bounce -off"  phenomena;  and 

7.  The  effect  of  discharging  mechanisms  on 
all  of  the  variables  of  the  system. 


Because  of  the  complexity  of  the  problem,  work  under  this  con- 
tract has  not  as  yet  established  the  feasibility  of  utilizing  electrets  in  aero- 
sol filters.  At  the  presert  time,  it  appears  that  the  resin-  wool  and  Vinyon 
fibers  do  show  an  enhancement  in  filtration  properties  beciause  of  electrical 
forces,  but  the  actual  mechanisms  involved  are  still  not  clearly  understood. 
The  behavior  of  these  materials  bears  a superficial  resemblance  to  that 
which  might  be  expected  of  fibrous  electrets,  but  closer  study  shows  many 
discrepancies  in  this  simplified  concept. 

A filter  has  been  made  from  Vinyon  by  subjecting  the  material  to 
thermal  and  electrical  conditions  favorable  to  electret  formation.  This 
filter  shows  external  electret  properties  and  a significant  enhancement  of 
efficiency  over  a control.  However,  the  available  time  has  not  yet  permitted 
a sufficiently  thorough  analysis  of  this  type  of  filter. 

It  is  recommended  that  a considerable  study  program  be  carried 
out,  so  that  the  nature  of  the  electrostatic  phenomena  involved  can  be  under- 
stood. Most  of  the  investigation  to  date  has  served  to  reveal  previously  un- 
suspected complexity  in  behavior  which  is  not  rationalizable  in  terms  of  the 
classical  electret  concept. 
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II.  INTRODUCTION 


A.  Scope  of  Work 

The  objectives  of  the  work  described  in  this  report  were: 

1.  To  survey  and  determine  the  feasibility  of  the  use  of  electret 
materials  for  aerosol  filter  media;  and 

2.  To  develop  and  fabricate  promising  electret  filter  materials 
and  test  their  aerosol  filtering  capabilities,  under  various  conditions,  in 
comparison  with  standard  Chemical  Corps  C6  filter  paper. 


B.  Background  and  History 

1.  Electrets 

In  1920,  Mototaro  M.  Eguchi^  discovered  that  when  certain  com- 
binations of  waxes  and  resins  are  solidified  in  a strong  electric  field,  a 
"permanently  polarized  dielectric"  is  obtained.  Eguchi  found  that  such  di- 
electric plates  possessed  a surface  charge  which,  when  discharged  with  a 
bunsen  flame  or  x-radiation,  would  gradually  recover.  The  charge  was 
found  to  be  maintained  without  significant  change  for  long  periods  of  time, 
provided  that  the  dielectric  was  stored  between  short-circuited  metallic 
keepers.  It  was  also  observed  that  cutting  away  the  surface  with  a sharp 
knife  did  not  permanently  affect  the  polarization.  Eguchi  concluded  that 
the  observed  phenomena  were  entirely  different  from  any  surface  electrifi- 
cation and  that  the  effects  were  indeed  produced  through  some  sort  of  per- 
manent volume  polarization.  Due  to  the  analogy  with  a permanent  magnet, 
Eguchi  proposed  the  name  "Permanent  Electret"  or  simply  "Electret"  for 
such  a dielectric. 

Eguchi' s efforts  were  met  with  considerable  skepticism  at  the 
time  of  their  publication  in  the  Philosophical  Magazine  in  1925,  and  compar- 
atively little  work  has  been  done  on  the  subject  since  then.  Those  who  have 
studied  electrets  apparently  started  out  with  the  thought  in  mind  of  disprov- 
ing the  earlier  work.  Instead,  however,  the  results  have  been  confirmed, 
and  new  peculiarities  in  behavior  have  been  reported.  Among  others, 
Gemant(2)  observed  that  the  initial  charge  on  an  electret  usually  bears  the 


(1)  Numbers  in  parenthes,  s refer  to  Appendix  B,  Bibliography. 
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opposite  sign  to  that  of  the  adjacent  forming  electrode.  He  noted  that  this 
charge  decreases  shortly  after  manufacture,  and  a charge  of  opposite  sign 
appears,  which  is  maintained  for  long  periods  of  time.  The  first  condition 
was  termed  the  heterocharge,  and  the  latter  the  homocharge. 

In  the  last  20  years,  several  theoretical  explanations  of  the  phe- 
nomena involved  in  electret  behavior  have  been  proposed.  ^ To  date,  how- 
ever, there  is  still  no  universally  accepted  explanation,  so  that  there  is  still 
a great  need  for  basic  research  on  electret  mechanisms.  During  this  same 
period,  various  practical  applications  for  electrets  have  been  proposed  and, 
in  some  cases,  demonstrated.  ^ These  include  electrometers,  micro- 

phones, radiation  dosimeters,  mass  spectrometers,  and  batteries.  In  World 
War  II,  the  Japanese  actually  used  microphones  incorporating  electrets,  '3' 
but  this  is  apparently  the  only  occasion  to  date  in  which  electrets  have  been 
used  for  a practical  purpose  on  a relatively  large  scale. 


2.  Electret  Filters 


a.  Electrets  as  Aerosol  Filters.  In  1927,  a German  patent^ 
was  filed  by  a Swedish  firm  which  claimed  a respirator  or  gas  mask  filter 
made  up  of  or  incorporating  electrets  in  plate  or  granular  form.  No  refer- 
ence to  the  use  of  such  filters  has  been  found,  nor  has  any  information  on 
the  performance  of  such  units  been  located. 


b.  Resin  Wool  Filters.  In  1932,  Nicolai  Hansen  secured  a 
patent^)  on  a filter  incorporating  wool  fibers  treated  with  certain  resins. 
His  product  had  the  advantage  of  yielding  a much  higher  efficiency  filter 
than  is  normally  attainable  with  wool  in  any  form,  but  with  a negligible 
increase  in  pressure  drop.  In  the  years  since  Hansen's  discovery,  this 
type  of  filter  has  been  exploited,  studied,  and  improved  in  many  European 
countries.  In  their  present  state  of  development,  the  best  resin  wool  filters 
are  produced  by  dusting  or  solvent-treating  wool  fibers  or  felts  with  certain 
resins  and  subsequently  carding  the  treated  fibers  or  otherwise  mechani- 
cally handling  them.  This  latter  process  presumably  serves  to  frictionally 
transfer  electric  charge  from  the  resin  particles  to  the  wool,  and  perhaps 
accounts  for  the  high  efficiency  of  the  resultant  filtei’S.  In  addition  to  the 
fact  that  the  filtration  efficiency  is  vastly  improved,  the  units  have  been 
reported  to  have  a shelf  life  of  10  years  or  more.  Due  to  this  latter  fact, 
it  has  been  suspected  that  some  process  other  than  mere  surface  electri- 
fication of  the  resin  particles  must  be  involved,  since  a frictional  surface 
charge  would  not  normally  be  expected  to  last  for  more  than  a short  time 
under  normal  conditions.  This  superficial  resemblance  to  electret  behavior 
has  led  some  investigators  to  assume  that  the  resin  wool  filters  are  indeed 
composed  of  electrets. 


CONFIDENTIAL 


CONFIDENTIAL 


5 


Considerable  work  on  this  subject  has  been  done  at  the  British 
Experimental  Station  at  Porton,  England.  The  conclusion  of  personnel 
there  was  that  the  resin  wool  filter  functions  by  means  of  electrostatic  attrac- 
tion and  precipitation  of  aerosol  particles  due  to  the  frictionally  applied  charge 
on  the  resin  and  an  induced  charge  of  opposite  sign  on  the  wool.  They  attrib- 
uted the  long  shelf  life  of  the  filters  to  the  extremely  high  surface  resistivity 
of  the  resin.  They  attempted  to  show  that  present  methods  of  measuring  the 
resistivity  of  dielectric  material  were  inadequate,  and  presented  some  evi- 
dence that  volume  resistivities  as  high  as  10^*  ohms-cm  were  possible  and 
might  account  for  the  long  shelf  life.  They  also  attempted  to  develop  a method 
of  predicting  the  potential  usefulness  of  various  resins  in  these  filters  by  cor- 
relating efficiency  with  resistivity.  These  attempts  failed,  however,  because 
accurate  and  reproducible  measurements  could  not  be  made.  The  hypothesis 
that  electret-type  mechanisms  might  be  involved  was  discarded  in  favor  of 
the  frictional  electrification  theory,  due  to  the  accumulated  evidences  in  the 
latter's  favor.  Appendix  A gives  a summary  of  the  findings  at  Porton. 


c.  American  Viscose  Electrified  Microfibers.  Certain  synthetic 
vinyl  fibers  which  have  recently  been  developed  for  the  American  Viscose 
Corporation  are  spun  from  solution  and  dried  and  collected  in  a strong  elec- 
tric field.  This  system  has  been  used  successfully  in  the  production  of  dry 
formed  fibrous  mats  from  Vinyon,  Dynel,  Acrylonitrile,  and  other  resins. 

The  mean  fiber  diameter  produced  in  this  system  varies  somewhat,  but  is 
in  the  order  of  one  micron. 

The  fibers  apparently  have  the  ability  to  maintain  a very  high  sur- 
face charge  for  long  periods  of  time,  and  when  fibrous  mats  of  this  material 
are  tested  on  DOP  smoke,  they  show  an  abnormally  high  initial  efficiency, 
which  drops  off  quite  drastically  with  time.  Although  the  mechanisms  involved 
in  this  behavior  were  not  known,  it  was  suspected  that  electret-type  action 
might  be  involved.  This  line  of  reasoning  was  logical,  since  the  conditions 
of  manufacture  were  similar  to  those  of  electret  formation,  and  the  surface 
charge  and  filtration  behavior  were  indicative  of  appreciable  electrification. 

With  the  exception  of  the  three  instances  described  above,  no 
attempts  to  use  electrets  as  aerosol  filtering  media  are  known. 
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III.  THEORETICAL  CONSIDERATIONS 


A.  Mechanisms  of  Charge  Production  on  or  In  Dielectric  Materials 


1.  Frictional  Charging 

Probably  the  most  frequent  method  of  charge  generation  on  sur- 
faces is  frictional  electrification.  Charge  is  produced  in  this  case  by  the 
transfer  of  electrons  from  the  surface  of  one  substance  to  another  as  the 
two  surfaces  are  brought  into  intimate  contact  and  then  separated.  This 
transfer  leads  to  an  excess  of  electrons  on  one  surface  'a  negative  charge) 
and  a deficiency  of  electrons  on  the  other  surface  (a  positive  charge).  At 
the  instant  of  charge  transfer,  the  potential  difference  between  the  two 
surfaces  may  be  very  small,  probably  considerably  less  than  one  volt. 
When  the  two  materials  are  subsequently  separated,  the  potential  differ- 
ence increases  in  proportion  to  the  distance  of  separation,  just  as  it  does 
when  the  plates  of  a charged  condenser  are  separated  without  allowing  the 
charge  to  diminish. 


2.  Permanent  P-olarizatlon 

Certain  dielectric  materials  made  up  of  polar  molecules  will 
tend  to  become  oriented  if  an  external  electrical  stress  is  applied.  That 
is,  if  such  materials  are  placed  in  an  electric  field,  the  polar  molecules 
will  tend  to  rotate  so  that  the  positive  poles  face  t1,  negative  electrode 
and  the  negative  poles  face  the  positive  electrode,  .di  addition,  under  the 
influence  of  the  field,  ions  of  opposite  polarity  are  drawn  apart  and  the 
result  is  a distinct  separation  of  charge.  If  the  field  is  applied  when  the 
dielectric  is  melted  or  at  an  elevated  temperature,  the  mobility  of  the  ions 
and  molecules  is  sufficient  to  allow  significant  orientation.  If  the  dielectric 
is  then  solidified  and  cooled  with  the  field  still  applied,  the  polarization  may 
be  "frozen  in,  " so  that  a more  or  less  permanent  effect  is  produced.  This 
effect  results  in  an  excess  of  charge  on  the  faces  of  the  dielectric  and  thus 
produces  in  effect,  a gross  dipole  with  positive  charge  on  one  surface  and 
negative  charges  on  the  other. 

While  the  polarization  may  be  essentially  permanent  (it  is  not 
completely  permanent,  since  the  molecules  have  some  mobility,  even  in 
the  solid  state),  the  charge  on  the  surface  will  disappear  under  normal  con- 
ditions, due  to  the  conductivity  of  the  air.  That  is,  ions  in  the  air  will 
gradually  neutralize  the  charge  on  the  surfaces  until  no  residual  charge  re- 
mains. 
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3.  Trapped  Net.  Charge 

It  is  conceivable  that  electrons  or  electron  deficiencies  maybe- 
come  trapped  in  the  lattice  of  a dielectric  material  where  the  charge  mo- 
bility is  essentially  zero.  Such  a net  charge  or  unequal  charge  distribu- 
tion may  be  permanently  frozen  in.  Even  so,  it  would  be  expected  that 
gaseous  ions  would  soon  adjust  the  surface  charge  distribution  in  such  a 
way  as  to  produce  a net  external  field  of  zero  everywhere. 


B.  Heterocharge  and  Homocharge  in  Electrets 

As  described  in  Section  II-B-1,  many  electrets  show  a reversal 
of  polarity  of  charge  shortly  after  manufacture.  That  is,  the  charge  origi* 
nally  present  has  the  opposite  sign  to  the  adjacent  forming  electrode,  and 
is  termed  the  heterocharge.  In  a matter  of  hours  (or  a few  days  at  most), 
this  charge  decreases  to  zero  and  then  builds  up  again  with  opposite  po- 
larity. The  latter  condition  is  essentially  permanent,  and  is  termed  the 
homocharge. 

Although  several  theoretical  explanations  of  this  behavior  have 
been  advanced,  there  is  no  completely  satisfactory  interpretation  avail- 
able to  date.  It  is  generally  conceded  that  the  reversal  of  polarity  is  due 
to  two  independent  charge -producing  mechanisms,  one  of  which  decays  to 
zero  so  that  the  other  overcomes  it  and  thus  causes  the  reversal  and 
secondary  build-up. 


C.  Factors  Involved  in  Electrostatic  Collection  of  Particulate  Matter 


Electrostatic  collection  of  aerosol  particles  depends  primarily 
upon  attractive  forces  between  the  collecting  surface  and  the  particle. 
These  forces  result  in  migration  of  the  particles  from  the  gas  stream  to 
the  surface,  where  they  impinge  and  are  collected.  Although  this  princi- 
ple is  quite  straightforward,  many  factors  which  are  very  poorly  under- 
stood are  involved  in  electrostatic  filtration  by  fibrous  materials. 

Of  prime  importance  is  the  relationship  between  the  electric 
field  strength  around  the  fibers  and  the  charge  on  the  aerosol.  A charged 
particle  near  a charged  fiber  will  be  collected  only  if  the  forces  involved 
are  great  enough  to  bring  the  particle  to  the  fiber  before  the  gas  stream 
carries  the  particle  away.  The  force,  in  turn,  depends  upon  the  field 
strength  around  the  fiber,  the  size,  charge,  and  dielectric  constant  of  the 
particle,  and  the  distance  of  the  particle  from  the  fiber.  In  order  to  under 
stand  and  appreciate  the  mechanisms  involved  in  this  type  of  filtration. 
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knowledge  of  the  relative  magnitude  of  the  variables  involved  is  required. 
Although  the  British  at  Porton  attempted  to  evaluate  some  of  these  factors 
for  resin  wool  filters,  they  apparently  failed  to  evaluate  the  effect  of  charge 
distribution  or  properties  of  the  aerosol.  They  apparently  assumed  the  di- 
polar charges  were  first  induced  on  the  aerosol  by  the  field  around  the  fiber. 
The  particles  thus  charged  were  then  precipitated  on  the  filter,  due  to  the 
resultant  attractive  forces.  It  is  probable,  however,  that  the  methylene  blue 
aerosol,  which  was  used  exclusively  in  their  tests,  was  highly  charged  when 
it  was  formed.  That  is,  the  particles  are  formed  by  spraying  or  atomizing 
a solution  of  methylene  blue  and  evaporating  the  solvent  from  the  droplets. 
This  process  results  in  solid  particles  of  about  0,2-micron  diameter.  In 
such  a spray  process,  the  droplets  are  almost  invariably  charged  as  they 
pass  through  the  nozzle.  As  the  solvent  evaporates,  it  leaves  a smaller 
solid  particle,  but  the  charge  remains  and  is  thus  considerably  concentrated. 
For  this  reason,  it  does  not  appear  that  the  Porton  results  are  conclusive. 

Although  it  is  true  that  resin  wool  filters  show  a high  efficiency 
on  atmospheric  dust,  which  is  generally  composed  of  approximately  50  per- 
cent neutral  particles,  there  is  no  concrete  evidence  that  induced  dipolar 
effects  are  present  to  account  for  the  high  collection  efficiency.  Conse- 
quently, it  seems  apparent  that  this  field  of  aerosol  filtration  would  profit 
by  a comprehensive  study  of  the  various  factors  involved.  This  study  would 
of  necessity  include  a series  of  calculations  designed  to  determine  the  field 
strengths  and  particle  characteristics  necessary  to  account  for  the  observed 
behavior  of  various  fibrous  electrostatic  media.  Such  calculations  might  go 
far  toward  providing  confirmation  of  the  mechanisms  involved,  or  they  might 
lead  to  possible  alternative  theories. 


D. Bounce -off  Phenomena 


It  is  a common  observation  that  drops  of  water  and  other  liquids 
sometimes  do  not  coalesce  with  other  drops  on  a large  body  of  the  same 
liquid.  For  example,  drops  of  spray  from  the  bow  wave  of  a motorboat  can 
frequently  be  seen  to  skate  over  the  surface  of  the  water  for  some  distance. 
Rayleigh'11)  has  shown  that  the  drops  of  water  from  a small  vertical  jet  do 
not  coalesce,  but  bounce  off  each  other  like  many  small  tennis  balls.  He 
has  also  shown  that  this  bounce-off  completely  disappears  in  the  presence 
of  small  electric  fields. 

Although  the  phenomenon  of  bounce -off  is  presently  very  poorly 
understood,  there  is  a possibility  that  it  plays  a significant  role  in  aerosol 
filtration,  especially  where  fibrous  electrostatic  media  are  concerned.  It 
is  possible  that  oil-smoke  aerosols  of  such  materials  as  dioctyl  phthalate 
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may  exhibit  these  bounce -off  properties.  If  they  do,  the  effect  might  be 
twofold.  That  is,  in  the  initial  period  of  filtration,  when  electric  fields 
around  the  fibers  of  the  filter  are  present,  bounce-off  resulting  from  col- 
lisions of  smoke  particles  might  be  reduced.  Collisions  might  result  in 
coalescence  of  aerosol  particles,  and  thus  increase  the  average  particle 
size.  The  larger  particles  thus  formed  would  have  a greater  probability 
of  impinging  on  a fiber  and  being  collected.  The  result  of  such  a mecha- 
nism would  be  a higher  efficiency  than  normal. 

As  this  filtration  process  continues  and  the  fibers  are  coated 
with  collected  oil,  the  collection  surface  becomes  a semiconductor,  and 
the  charge  is  neutralized.  Thus,  in  the  latter  stages  of  filtration  with 
little  or  no  field  to  act  upon  the  particles,  no  coalescence  would  occur.  In 
addition,  since  the  fibers  are  coated  with  the  same  material  as  the  aerosol 
droplets,  it  is  possible  that  particles  which  do  impinge  on  the  fibers  exhibit 
the  same  phenomena  and  bounce  back  into  the  air  stream. 

The  net  result  of  such  phenomena  would  be  a high  initial  efficiency, 
followed  by  a steady  drop-off  as  the  fields  are  destroyed  and  the  fibers  are 
coated.  This  behavior  is  precisely  the  type  exhibited  when  electrostatic 
filter  media  are  tested  on  oil  smokes. 

Although  there  is  little  evidence  available  to  confirm  it  the  hy- 
pothesis described  above  remains  a distinct  possibility  and  should  be  eval- 
uated. Also,  if  the  calculations  discussed  in  Section  III-C  indicated  that  the 
electrical  forces  involved  are  insufficient  to  account  for  the  observed  high 
efficiencies,  an  explanation  based  upon  bounce -off  would  provide  a logical 
alternative. 
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IV.  APPARATUS  AND  EXPERIMENTAL  PROCEDURES 


A.  Measurement  of  Surface  Charge 

Charges  on  the  surface  of  various  materials  studied  in  connection 
with  this  contract  were  measured  with  a Keithley  vacuum  tube  electrometer 
and  a Faraday  cage.  The  body  whose  charge  was  to  be  measured  was  sus- 
pended from  a grounded,  spring-loaded  clamp  in  the  top  of  the  metal  cage. 
The  electrometer  was  positioned  so  that  the  high-potential  electrode  entered 
the  bottom  of  the  cage,  and  was  fitted  with  a plate  parallel  to  the  surface  of 
the  body  whose  charge  was  to  be  measured.  When  the  spring-loaded  clamp 
was  forced  down,  the  field  produced  by  the  charged  surface  approached  the 
electrometer  electrode,  so  that  the  field  strength  increased  and  caused  a 
deflection  of  the  meter  needle.  When  the  clamp  was  released,  the  needle 
returned  to  zero.  By  maintaining  the  distance  of  clamp  travel  and  the  over- 
all geometry  constant,  reproducible  meter  readings  were  attained.  These 
readings  were  proportional  to  the  charge  on  the  surface  of  the  material. 

(See  Figure  1.) 


B.  Measurements  of  Discharge  Currents 

Continuous  currents  resulting  from  exposure  of  charged  surfaces 
to  radioactivity  were  measured  with  a modified  version  of  the  same  apparatus 
used  to  measure  the  surface  charge.  In  this  arrangement,  a decade  shunt 
resistance  was  connected  across  the  terminals  of  the  electrometer  so  that 
currents  as  small  as  10"! 4 ampere  could  be  detected.  A conducting  plate 
between  the  charged  surface  and  the  electrometer  electrode  was  formed  by 
shielding  a radioactive  probe  so  that  the  rays  were  focused  on  the  surface  of 
the  discharging  material.  The  resulting  neutralized  charges  were  thus  chan- 
neled through  the  meter  and  were  measured  as  currents.  (See  Figure  2.) 


C.  Dioctyl  Phthalate  Smoke  Generator 

The  aerosol  filtration  ability  of  various  materials  has  been  tested 
primarily  with  a smoke  generator  which  produces  0.  3 -micron  dioctyl  phthalate 
particles.  The  arrangement  is  such  that  the  oil  is  vaporized,  and  is  then  con- 
densed and  mixed  with  air  to  form  the  test  aerosol.  The  smoke  is  then  passed 
through  the  sample  filter  and  into  s light-scattering  chamber,  where  a photo- 
cell and  amplifying  circuit  produce  a direct  reading  of  the  percent  of  smoke 
penetrating  the  filter.  A water-filled  manometer  is  used  to  measure  the 
pressure  drop  across  the  filter.  (See  Figure  3.) 
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The  usual  test  procedure  first  involves  passing  the  smoke  stream 
through  the  sample  holder  without  a filter  in  place,  so  that  the  meter  may  be 
standardised  for  100  percent  penetration.  The  usual  flow. rate  is  85  liters 
per  minute,  which  is  equivalent  to  a linear  velocity  of  28  ft  per  minute  across 
a sample  4-3/8  inches  in  diameter.  The  sample  is  then  put  in  place  and  the 
smoke  stream  is  introduced  into  the  system.  The  percent  penetration  and 
the  pressure  drop  can  then  be  read  directly. 

The  particle  size  of  the  aerosol  may  be  varied  by  changing  tem- 
perature conditions  and  flow  rates,  but  it  is  usually  adjusted  to  0.  3 micron. 


D,  Fiber  Extrusion  in  an  Electric  Field 

A small  pressure  extruder  was  built,  in  order  to  manufacture 
synthetic  fibers.  The  extruder  consisted  of  a steel  piston  in  a steel  cylinder 
with  a nozzle  at  its  base.  Heat  and  pressure  were  applied  simultaneously  in 
a Carver  hydraulic  press.  Heat  was  supplied  by  heated  platens  on  the  press 
and  also  by  a high-resistance  wire  winding  around  the  cylinder.  A second 
resistance  heater  was  uued  to  control  the  nozzle  temperature.  When  the 
heat  and  pressure  were  applied,  the  resin  was  melted  and  forced  through  the 
nozzle  as  a monofilament.  As  the  filament  was  extruded,  it  was  drawn  down 
by  means  of  a spindle  on  a variable -speed  takeup  motor.  Thus,  by  varying 
pressure,  temperatures,  and  motor  speed,  the  fiber  diameter  could  be  con- 
trolled. (See  Figure  4a. ) 

The  apparatus  was  arranged  so  that  a direct -current  field  could 
be  applied  across  the  fiber  as  it  left  the  nozzle  and  solidified.  The  elec- 
trode assembly  could  be  arranged  in  two  ways,  in  order  to  provide  a field-- 
either  perpendicular  to,  or  parallel  with  the  line  of  flow  of  the  fiber.  For 
a perpendicular  field,  the  assembly  consisted  of  two  brass  plates  parallel 
with  the  fiber,  as  shown  in  Figure  4b.  For  a parallel  field,  the  fiber  passed 
through  a hole  in  a brass  plate  perpendicular  to  the  fiber.  The  extruder  was 
grounded,  to  provide  the  second  electrode.  (See  Figure  4c. ) 


E.  Determination  of  Magnitude  of  Charge  on  Single  Fibers 

Surface  charge  on  single  fibers  has  been  studied  microscopically 
with  the  aid  of  a special  cell  in  which  the  fiber  is  supported.  In  this  arrange- 
ment, the  fiber  is  mounted  horizontally  on  a glass  or  copper  filament  between 
two  brass  electrodes.  When  a potential  is  applied  across  the  electrodes,  the 
charged  fiber  deflects  toward  the  electrode  of  opposite  polarity.  When  the 
potential  is  removed,  the  fiber  returns  to  its  original  position.  The  switch- 
ing arrangement  was  such  that  the  polarity  could  be  reversed,  and  the  fiber 
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could  deflect  in  either  direction.  The  deflection  of  the  fiber  produced  by 
a constant  voltage  of  135  volts  was  measured  with  the  aid  of  a calibrated 
reticule  in  the  eye  piece  of  the  microscope  at  a magnification  of  150  diame- 
ters. The  deflection  of  the  fiber  produced  by  the  field  is  proportional  to 
the  charge  on  the  fiber.  (See  Figure  5.) 
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V.  EXPERIMENTAL  RESULTS 


A.  Electrets 


Initial  experimental  work  was  done  with  disc-type  electrets  manu- 
factured in  this  laboratory,  in  order  to  confirm  the  more  classical  experi- 
ments and  to  gain  familiarity  with  the  phenomena  involved.  Discharge  and 
recovery  characteristics  were  observed  with  the  aid  of  the  vacuum-tube 
electrometer  in  conjunction  with  a Faraday  cage.  In  addition,  continuous 
discharge  currents  were  produced  by  means  of  a small  radioactive  probe 
irradiating  the  surface  of  the  electret  within  the  metal  cage.  In  order  to 
throw  some  light  upon  the  phenomenon  of  charge  generation  within  an  electret, 
the  apparatus  was  arranged  so  that  the  temperature  of  the  electret  could  be 
held  constant  at  any  desired  value.  It  was  expected  that  current  flow  would 
be  dependent  on  temperature  if  a diffusive  process  requiring  an  activation 
energy  was  involved  in  the  charge-generation  process.  It  was  found  that 
the  charge-producing  mechanism  of  typical  wax-rosin  electrets  was  ex- 
tremely temperature-dependent.  That  is,  the  discharge  currents  and  the 
rate  of  recovery  of  charge  were  greatly  accelerated  at  elevated  tempera- 
tures and  retarded  at  lower  temperatures.  (See  Figures  6 and  7.) 


B.  Electrets  as  Aerosol  Filters 


1.  Granulated  Electrets 

As  a reasonable  first  step  toward  the  ultimate  objectives  of  the 
contract,  a direct  applied  approach  based  on  the  German  patent  described 
in  Section  II-B-2  was  attempted.  Several  electrets  of  similar  history  were 
cooled  and  pulverized  to  a granular  state.  The  fraction  passing  a 16 -mesh 
screen  but  retained  on  a 40-mesh  screen  was  collected  and  made  up  into  filter 
cartridges.  Similar  cartridges  were  made  from  unelectrified  wax.  These 
units  were  then  tested  on  0.  3-micron  dioctyl  phthalate  smoke.  It  was  realized 
that  filters  manufactured  from  granular  materials  are  inherently  inefficient, 
but  it  was  hoped  that  if  any  benefits  were  to  be  derived  from  electrets  in  this 
form,  they  would  be  distinguishable  through  improved  performance.  It  was 
also  not  known  whether  the  electrets  would  retain  their  electrification  in  such 
a subdivided  form.  It  was  believed,  however,  that  if  aerosol  filtration  were 
being  enhanced  by  the  presence  of  electric  forces,  two  phenomena  would  be 
observed  in  the  smoke  penetration  test:  first,  the  initial  efficiency  of  the 
electret  cartridge  would  be  significantly  higher  than  that  of  the  control;  and, 
second,  the  efficiency  of  the  electret  unit  might  be  expected  to  fall  off  with 
time,  due  to  the  neutralization  of  charges  by  the  DOP  smoke  Neither  of 
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FIGURE  6 

EFFECT  OF  TEMPERATURE  ON  ELECTRET  DISCHARGE  CURRENTS 
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FIGURE  7 

EFFECT  OF  TEMPERATURE  ON  ELLCTRET  REGENERATION  OF  CHARGE 
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these  effects  was  noted.  In  both  cases,  the  efficiency  was  essentially  con- 
stant with  time,  and  no  significant  difference  between  these  efficiencies  was 
noted.  These  results  may  be  interpreted  in  two  different  ways:  either  the 
electret  discs  lose  their  electrical  properties  or  external  fields  when  they 
are  subdivided;  or  the  fields  present  are  too  small  to  influence  aerosol  par- 
ticles. Unfortunately,  it  is  not  possible  to  test  the  surface  charge  charac- 
teristics of  such  small  particles  in  the  same  manner  as  with  the  gross  discs. 
Because  of  the  difficulties  encountered  in  the  interpretation  of  results,  it  was 
decided  to  investigate  electrets  in  other  forms. 


2.  Fibrous  Electrets 

The  only  available  indication  that  it  might  be  possible  to  form 
electrets  in  fibrous  form  was  the  American  Viscose  fibers.  It  was  thought, 
however,  that  it  would  be  advantageous  to  form  fibers  from  a hot  melt  instead 
of  from  solution,  and  to  solidify  the  filament  in  an  electric  field.  In  this 
manner,  the  conditions  of  manufacture  would  be  more  analogous  to  those  of 
disc  electrets,  except  that  the  time  element  would  be  greatly  reduced,  since 
cooling  would  be  more  rapid. 

The  first  task  in  this  approach  was  to  find  a synthetic  resin  or 
resins  capable  of  forming  both  good  fibers  and  strong  electrets.  The  poly- 
vinyl acetate  resin,  Gelva  V-7,  used  with  much  success  in  the  formation  of 
disc  electrets  at  the  University  of  Kansas,  '4^  was  found  to  be  a comparatively 
poor  fiber-former,  in  that  the  fibers  were  too  soft  and  tended  to  lose  their 
structure  when  handled.  Two  synthetic  resins  were  found,  however,  which 
appeared  to  fulfill  the  necessary  requirements.  These  were  Acryloid  B-72, 
an  acrylic  manufactured  by  Rohm  &,  Haas  Co. , and  FM-6501  alcohol -soluble 
nylon,  manufactured  by  E.  I.  du  Pont  de  Nemours  & Co. 

The  small  pressure  extruder  described  in  Section  IV  was  used  to 
manufacture  the  fibers.  The  electrodes  providing  the  field  were  mounted 
either  perpendicular  to  or  parallel  with  the  fiber,  so  that  any  effects  due  to 
the  direction  of  polarization  could  be  noted.  Field  strengths  of  from  1-10 
kv/cm  were  used  during  the  manufacture  of  the  fibers.  In  no  case  was  any 
evidence  of  permanent  electrification  observed.  When  surface  character- 
istics were  investigated  in  the  Faraday  cage,  a small  surface  charge  was 
invariably  present  on  the  surface  of  the  fibers,  due  to  frictional  electrifi- 
cation during  the  extrusion  process,  but  no  indication  of  spontaneous  regain 
of  charge  after  discharge  was  observed.  In  addition,  experimental  filters 
made  from  these  fibers  showed  no  improvement  in  efficiency  over  similar 
units  made  from  fibert.  formed  without  the  applied  field.  Considerable  effort 
was  expended  toward  reducing  the  fiber  diameter  from  20-30  microns  to  less 
than  10  microns,  both  to  increase  the  inherent  filtration  ability  of  the  fibers 
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and  to  approach  the  properties  of  the  American  Viscose  fibers  more  closely 
(average  fiber  diameter  = 1 micron).  These  efforts  met  with  little  success, 
however,  and  even  the  smallest  fibers  attained  (15-20  microns)  showed  no 
evidence  of  electret  properties.  On  the  basis  of  these  results,  work  with 
spinning  fibers  from  the  molten  state  was  discontinued. 


3.  Impregnated  Filters 

As  a third  attempt  to  evaluate  electrets  as  aerosol  filters,  it  was 
proposed  that  low- efficiency  filter  papers  might  be  impregnated  with  a sol- 
vent solution  of  an  electret-forming  resin  and  subsequently  dried  in  an  elec- 
tric field.  It  was  hoped  that  this  procedure  might  lead  directly  to  the  forma- 
tion of  a filter  incorporating  electrets.  Accordingly,  handsheets  were  made 
up  from  combinations  of  glass,  asbestos,  and  kraft  fibers,  with  an  efficiency 
of  approximately  50  percent  on  DOP.  These  papers  were  then  impregnated 
with  solutions  of  electret-forming  materials,  such  as  carnauba  wax  and 
Gelva  V-7  polyvinyl  acetate.  The  solvent  was  then  evaporated  in  a field  of 
8-10  kv/cm.  Although  this  procedure  is  not  a standard  or  proven  method 
of  manufacturing  electrets,  it  is  similar  to  the  process  used  in  making 
Vinyon  fibers  and  was  consequently  considered  to  be  a promising  avenue  of 
approach.  Again  negative  results  were  obtained.  Both  the  electrified  papers 
and  the  controls  showed  a slightly  lower  efficiency  when  impregnated.  The 
papers  dried  in  the  field  showed  no  enhancement  in  performance  and  no  drop 
in  efficiency  with  time.  In  addition,  no  external  electrification  or  electret 
behavior  was  exhibited  when  the  surface  was  examined  for  charge  in  the 
Faraday  cage. 

Because  all  attempts  to  form  electret  filter  material  led  to  a 
negative  result,  it  was  thought  advisable  to  shift  away  from  the  direct  applied 
approach  to  the  problem  to  a more  fundamental  viewpoint.  Since  it  was  pre- 
sumed that  the  fibrous  mats  made  for  American  Viscose  functioned  as  aero- 
sol filters  through  electrostatic  action,  and  since  it  seemed  quite  likely  that 
electret  action  was  involved,  attention  was  directed  toward  a study  of  these 
materials.  In  addition,  it  was  decided  to  study  resin  wool  filter  behavior 
in  conjunction  with  the  work  on  the  American  Viscose  material.  It  was  hoped 
that  such  a study  of  existing  electrostatic  filter  material  would  be  of  benefit 
in  predicting  the  potential  use  of  electrets. 


C.  American  Viscose  Electrified  Microfibers 


The  fibrous  mats  described  in  Section  II-B-2-c  have  been  made 
from  a number  of  synthetic  vinyl  resins,  including  Vinyon,  Dynel,  and 
Acrylonitrile.  All  of  these  materials  possess  a very  high  surface  charge 
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and  show  anomalous  filtration  ability  in  that  their  initial  high  efficiency  on 
DOP  decreases  with  time  to  a value  that  might  be  considered  normal,  as 
judged  from  the  mechanical  properties  of  the  mats.  The  Vinyon  material 
in  particular  shows  the  greatest  effect  of  this  type.  (See  Figure  8.)  Conse- 
quently, most  of  the  work  done  on  the  American  Viscose  material  has  been 
with  Vinyon. 


1.  The  Surface  Charge 

Probably  the  most  obvious  property  of  the  Vinyon  material  is  its 
extremely  high  suiface  charge.  This  charge  is  observed  whenever  a section 
of  mat  is  moved  or  handled,  due  to  the  large  attractive  and  repulsive  forces 
present.  In  addition,  the  charge  is  easily  detected  with  an  electrometer  and 
is  usually  of  negative  polarity. 


a.  Effect  of  Radiation.  Since  it  was  assumed  that  the  appearance 
of  the  surface  charge  was  responsible  for  the  unusual  filtration  behavior  of 
Vinyon,  initial  experiments  were  carried  out  to  determine  the  effect  of  neu- 
tralizing the  surface  of  the  mat  with  radioactivity.  That  is,  if  a charged 
body  is  exposed  to  ionizing  radiations,  such  as  x-rays  or  radioactivity,  the 
surface  of  the  body  is  rapidly  neutralized,  due  to  the  migration  to  the  surface 
of  ions  produced  by  the  radiation.  A low-intensity  (about  4 microcuries) 
cobalt6*  source  (a  gamma-ray  emitter)  was  used  for  the  neutralization. 
Several  samples  were  exposed  to  the  source  for  periods  up  to  65  hours  and 
subsequently  tested  on  DOP.  The  surface  charge  was  found  to  be  neutralized 
essentially  completely,  as  determined  by  the  electrometer.  The  filtration 
ability  was  completely  unaffected,  however.  The  resulting  efficiency-time 
curves  were  almost  identical  with  the  curve  for  Vinyon  shown  in  Figure  8. 

In  an  effort  to  explain  the  results  and  determine  the  nature  of  the 
surface  charge,  several  control  experiments  were  conducted  in  the  Faraday 
cage- electrometer  setup.  It  was  found  that  the  charge  could  be  completely 
neutralized  by  the  Co60  source  in  20  or  30  minutes  and  that  there  was  appar- 
ently no  tendency  for  the  charge  to  regenerate  in  a manner  analogous  to  elec- 
trets.  In  order  to  obtain  a clearer  picture,  the  apparatus  was  arranged  so 
that  discharge  currents  could  be  measured  continuously,  as  described  in 
Section  IV.  Figure  9 shows  the  results  of  a series  of  experiments  with  this 
arrangement.  After  the  original  discharge  current,  represented  by  Curve  A, 
the  sample  was  then  left  untouched  in  the  cage  for  2-1/4  hours.  The  radio- 
active source  was  then  replaced,  and  the  discharge  current  represented  by 
Curve  B was  produced.  At  this  point,  the  sample  mat  was  gently  rubbed 
with  a glass  rod,  in  order  to  electrify  the  surface  frictionally.  The  subse- 
quent discharge  current  is  represented  by  Curve  C.  Curve  D is  the  current 
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RADIOACTIVE  DISCHARGE  OF  VINYON  FIBROUS  MATS 


Curve  A - Original  Discharge 

Curve  B - Discharge  After  3 1 /4  Hour  Recovery  Period 

Curve  C - Discharge  After  Application  of  Frictional  Surface  Charge 

Curve  D - Discharge  After  1 Hour  Recovery  Period 

Curve  E - Discharge  of  Second  Sample  After  3 Hour  Recovery  Period 
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obtained  from  the  same  sample  after  one  hour  of  recovery.  As  a final  test 
in  this  series,  a second  sample  was  discharged  and  allowed  to  regain  for 
3 hours.  In  this  test,  more  care  was  taken  to  prevent  any  jarring  or  move- 
ment of  the  sample  as  the  source  was  removed  and  replaced.  Curve  E shows 
the  discharge  current  obtained  after  this  3-hour  recovery  period. 

This  series  of  experiments  demonstrates  the  extreme  ease  of  fric- 
tional electrification  of  the  Vinyon  material,  since  rubbing  the  surface  of  a 
discharged  mat  with  a glass  rod  produced  a greater  degree  of  electrification 
than  was  originally  present.  At  first  glance,  it  appears  that  the  surface 
charge  did  undergo  a certain  amount  of  regeneration  during  the  storage  peri- 
ods. In  reality,  however,  this  regeneration  was  probably  due  to  slight 
amounts  of  frictional  electrification  as  the  sample  moved  against  its  support 
while  the  radioactive  source  was  removed  and  replaced.  Curve  £ of  Figure  9 
bears  out  this  premise,  in  that  the  discharge  was  much  smaller,  in  spite  of 
a longer  regeneration  time. 


b.  Retention  of  Surface  Charge.  Another  factor  which  appeared 
to  relate  the  surface-charge  characteristics  of  Vinyon  to  electret  behavior 
was  the  apparent  ability  of  Vinyon  to  maintain  its  charge  for  long  periods  of 
time.  In  order  to  test  this  ability,  a sample  was  mounted  in  the  Faraday 
cage,  and  measurements  of  surface  charge  were  made  at  periodic  intervals 
until  no  charge  could  be  detected.  It  was  found  that  the  charge  decayed  to 
zero  in  approximately  two  weeks.  A second  test  was  run  in  similar  fashion, 
except  that  the  cage  was  opened  to  freely  moving  air.  In  this  case,  neutrali- 
zation took  place  more  rapidly,  the  charge  decreasing  to  zero  in  approxi- 
mately 6 days.  (See  Figure  10.) 

This  evidence,  in  conjunction  with  the  observed  ease  of  frictional 
electrification,  indicates  that  the  apparent  persistence  of  the  observed  sur- 
face charge  is  not  so  much  due  to  th?  mat  actually  maintaining  its  charge  for 
long  periods  of  time,  but  rather  to  rapid  regeneration  whenever  the  mat  is 
handled. 


c-  Effect  of  POP  Smoke.  After  testing  a Vinyon  mat  with  DOP, 
it  was  noted  that  the  physical  properties  are  altered.  The  mat  loses  much 
of  its  loose  fibrous  structure  and  becomes  more  of  a homogeneous  sheet. 

The  fact  that  dioctyl  phthalate  is  an  excellent  plasticizer  for  Vinyon  could 
conceivably  account  for  some  of  the  observed  changes,  but  it  wa3  of  interest 
to  determine  the  effect  of  DOP  smoke  on  the  electrical  properties  of  the  mat. 
After  subjecting  a Vinyon  filter  pad  to  DOP.  it  was  found  that  the  ability  of 
the  mat  to  hold  a surface  charge  was  greatly  reduced.  Tests  showed  that 
even  a relatively  high  charge,  applied  by  rubbing  with  a glass  rod,  leaked 
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off  in  a matter  of  a few  minutes.  This  fact  indicated  that  the  electrical 
resistance  of  the  material  is  greatly  reduced  by  the  action  of  the  oily  aero- 
sol. By  using  the  electrometer  and  shunt  apparatus,  an  indication  of  the 
change  in  electrical  resistivity  was  obtained.  Samples  of  both  the  virgin 
mat  and  the  DOP-treated  mat  were  placed  between  brass  plates,  and  a 
1.  5-volt  potential  was  connected  across  them.  The  current  produced  was 
detected  with  the  electrometer,  and  the  resistance  was  calculated  from 
Ohm's  law  It  was  found  that  the  resistance  of  the  DOP-treated  mat  was 
approximately  lO1^  ohms,  while  that  of  the  virgin  material  was  too  high  to 
measure.  This  result  indicates  that  the  electrical  resistance  of  Vinyon  is 
reduced  by  the  presence  of  DOP,  by  at  least  two  orders  of  magnitude,  and 
possibly  by  much  more. 

It  was  found  that  if  a DOP -loaded  mat  is  washed  free  of  the  oil 
with  carbon  tetrachloride,  the  original  ability  to  hold  a surface  charge  is 
restored.  In  spite  of  this  fact,  however,  the  high  filtration  efficiency  is  not 
restored,  even  when  a high  surface  charge  is  purposely  applied  by  rubbing 
the  material  with  glass  immediately  before  testing. 

The  results  of  the  experiments  enumerated  above  reveal  several 
important  facts  about  the  electrified  Vinyon  microfibers.  First,  it  would 
appear  that  the  surface  charge  itself  is  not  the  result  of  an  electret  mecha- 
nism. Instead,  it  is  merely  due  to  frictional  electrification  caused  by  han- 
dling of  the  material.  While  this  charge  outwardly  appears  to  be  quite  perma 
nent,  experiments  show  that  it  decays  to  zero  in  a relatively  short  time  and 
shows  no  tendency  to  regain  unless  it  is  physically  handled.  It  is  probable 
that  the  high  electrical  resistivity  of  Vinyon  accounts  for  the  observed  phe- 
nomena relating  to  the  surface  charge.  The  aspect  of  the  problem  which  is 
still  unexplained  is  the  reason  for  lack  of  effect  upon  the  filtration  behavior 
of  Vinyon  when  the  surface  is  discharged  with  radiation.  This  and  other 
evidence  leaves  no  doubt  that  filtration  ability  is  completely  independent  of 
the  presence  or  lack  of  a charged  surface.  Therefore,  the  question  remains 
as  to  what  is  the  cause  jf  the  characteristic  filtration  curve  of  Vinyon. 


2.  Filtration  Behavior 

As  stated  above,  the  anomalous  filtration  behavior  of  Vinyon,  as 
shown  by  the  curve  of  Figure  8,  is  unaffected  by  low-intensity  dosages  of 
radioactivity,  in  spite  of  the  complete  neutralization  of  the  surface  charge. 

In  order  to  ascertain  whether  the  initial  higher  efficiency  of  the  material 
was  due  to  other  electrostatic  forces,  further  attempts  were  made  to  affect 
the  filtration  behavior  with  discharging  mediums.  It  was  found  that  passing 
humid  air  through  the  mat  for  30  minutes  prior  to  testing  does  cause  a lower- 
ing  of  the  initial  efficiency,  although  the  general  shape  of  the  curve  is  unchanged. 
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(See  Figure  11.)  This  behavior  is  consistent  with  the  hypothesis  that  elec- 
trical factors  other  than  the  surface  charge  are  involved.  A similar  test, 
in  which  the  change  in  surface  charge  was  measured  during  the  passage  of 
humid  air,  showed  that  the  rate  of  loss  of  charge  is  substantially  increased, 
but  that  the  charge  is  not  significantly  decreased  in  30  minutes.  Accord- 
ingly, it  was  decided  to  attempt  to  discharge  the  filter  with  a high-intensity 
radioactive  source.  A 40-millicurie  strontium^  source  (a  beta-ray  emitter) 
was  obtained.  The  source  is  approximately  10,000  times  more  intense  than 
the  Co^°  used  in  previous  experiments.  Several  discharge  tests  were  run, 
in  which  Vinyon  mats  were  exposed  to  the  Sr90  for  varying  periods  of  time 
and  subsequently  tested  on  DOP.  Figure  12  shows  the  results  of  this  series, 
which  are  plotted  as  the  change  with  time  in  the  quality  factor 


E „ -100  log  100, 

where  P = Percent  penetration; 

/\  = Pressure  drop,  in  millimeters  of  water; 

Smoke  flow  rate  = 28  ft  /min. 


It  may  be  seen  from  Figure  12  that  the  high-intensity  radiation 
does  have  a significant  effect  upon  the  aerosol  filtration  characteristics  of 
Vinyon.  Again  it  may  be  seen  that,  although  the  initial  efficiency  is  continu- 
ally lowered  with  increasing  exposure  to  radiation,  there  is  still  a slight  de- 
crease of  efficiency  with  time;  this  fact  indicates  that  some  other  factor  is 
probably  accounting  for  at  least  a part  of  the  filtration  behavior.  It  had  been 
noted  that  the  change  in  efficiency  with  time  was  accompanied  by  a decrease 
in  pressure  drop.  An  experiment  was  set  up,  therefore,  in  which  the  change 
in  pressure  drop  was  carefully  measured  as  a function  of  time.  The  results 
of  this  test  are  shown  in  Figure  13.  It  may  be  seen  that  the  pressure  drop 
decreases  almost  linearly  throughout  the  test,  so  that  no  correlation  with 
the  initial  portion  of  the  efficiency  curve  is  possible.  It  seems  probable 
that  the  fibers  are  wetted  and  drawn  together  by  the  DOP  during  the  test, 
so  that  the  effective  fiber  diameter  is  increased  and  the  pressure  drop  re- 
duced. This  action,  in  turn,  may  cause  a decrease  in  efficiency,  but  it  is 
likely  that  the  decrease  is  only  a small  portion  of  the  total. 

The  fact  that  filtration  efficiency  is  affected  by  both  humidity  and 
radiation  leads  to  the  conclusion  that  some  sort  of  internal  electrification 
is  involved  in  Vinyon  behavior.  Whether  the  mechanism  is  related  to  electret 
action  or  to  some  other  phenomena  is  the  next  logical  question. 
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3.  The  Internal  Electrification 

The  effect  of  discharging  Vinyon  with  Sr^®  was  further  studied,  in 
order  to  determine  if  the  internal  electrification  is  the  result  of  electret- 
type  action.  This  investigation  was  done  by  discharging  samples  and  storing 
them  for  varying  lengths  of  time  before  testing  on  DOP.  If  electret  mecha- 
nisms were  involved,  it  would  be  expected  that  the  storage  interval  would 
allow  the  internal  electrification  to  regenerate,  and  the  filtration  efficiency 
would  also  be  expected  to  regenerate.  None  of  the  samples  tested,  including 
some  that  were  stored  for  several  weeks  between  discharge  and  testing,  showed 
a significant  regain  of  efficiency. 

A similar  series  of  tests  was  run  with  samples  of  Vinyon  which  had 
been  washed  with  carbon  tetrachloiide.  This  treatment  also  destroys  the  high 
initial  efficiency,  without  any  apparent  harm  to  the  fibrous  structure  or  the 
external  electrical  properties.  Again  the  results  of  this  series  showed  that 
there  was  no  tendency  for  the  original  filtration  ability  to  regenerate. 

The  effect  of  vigorously  handling  discharged  mats  was  also  studied. 
Samples  discharged  with  the  Sr^°,  and  others  washed  with  CCI4,  were  subse- 
quently handled  vigorously  and  rubbed  with  glass  to  accomplish  as  much  fric- 
tional electrification  as  possible.  In  neither  case,  however,  was  the  filtration 
efficiency  regenerated.  This  fact  substantiates  the  previous  conclusion  that 
aerosol  filtration  is  independent  of  surface  charge  in  this  case,  but  it  does 
not  explain  the  actual  mechanisms  involved. 

Another  attempt  to  observe  a regain  of  charge  was  made  by  exam- 
ining the  behavior  of  single  Vinyon  fibers  mocroscopically.  The  special  cells 
described  in  Section  IV  were  used  in  this  investigation.  After  the  fibers  were 
mounted  and  their  deflections  were  measured,  the  cells  were  exposed  to  radi- 
ation, from  either  the  cobalt  or  the  strontium  source,  until  the  deflection  of 
the  fiber  was  reduced  to  zero.  The  cells  were  then  examined  at  periodic  in- 
tervals, in  order  to  observe  any  regain  of  charge.  Of  the  29  fibers  tested, 

19,  or  65  percent,  showed  some  degree  of  re- electrification.  (See  Table  I.) 

In  all  but  one  case,  however,  the  amount  of  regain  of  charge  was  very  small, 
so  that  it  is  difficult  to  draw  any  definite  conclusions.  The  original  charge 
was  usually  of  negative  polarity,  and  presumably  its  magnitude  was  largely 
dependent  upon  the  amount  of  physical  handling  it  received  in  the  mounting 
process.  Most  of  the  fibers  which  did  show  any  re-electrification  showed  a 
positive  polarity.  It  is  also  interesting  to  note  that  the  one  fiber  which  showed 
a large  recovery  effect  showed  no  tendency  to  lose  its  charge  with  time,  and 
regained  appreciably  a second  time  following  a second  discharge.  (See 
Figure  14.) 


,Arif|ur  Jh  ‘JGittle,  <3)hs. 

. / • 


CONFIDENTIAL 


CONFIDENTIAL 


1—4  w iwwv^r-tw 

cuuuuuuuoouuou 


k h h h t-tfn  k k fn  in  k 

S!  Oi  ii  1 i!  m 41  « Bi  III  i'  4)  4!  B J) 

ft  «>  ft  ft  ft  m ft  ft  X S ft  ft  ft  ft  ft 

ft^  ftftft^  ftftS  a ftftftfto, 
o”ooo”oo5™ooooo 
UOUUOOUUdOUOOUO 


to 

m i i 
eo 


tf  m r-i  m m 
f-t  N 

V v 


03  2!  O)  0)  0) 

is  5 .5  & .5 

-f-»  TZ  ft->  -M  4-» 

•H  CvJ  *H  *rt  *H 


m e~ 

V 


g>  03  v 

.5  > > 


S rt  "■ 


. . 'H  H *H  *rt  S W ‘H  »H 

1 1 MUOMWWHWJWM 

003000*0300 
Oh  ^5  Oh  Ph  Pk  J?  Ph  Ph 


W 03  03  03  03  03  W 03 

UOOVOVOOOVtltltltl 
>h|2;Jz;>hSz;>h^;Jz;^;>h>^>h>h>h 


O fr- 

rH  r» 

<s< 

Tfl  r-  LO 

O 

1 

M 

rH  1 

1 rH  1 

fH 

V 

a « 

03  03 

Q 

03  0)  03 

03 

Xl  *2 

.2  £ 

i! 

> > > 

•k  -H  -S 

is 

a £ 

# .1h 

*5 

*5  Jj  £ 

H-> 

• 

tuO  03  1 

1 03  03 

w 

1 03  03  03  1 

03 

03  O 

O O 

0 

O O O 

O 

fc  Pk 

Pt  Ph  Ph 

Ph  Ph  Ph 

Ph 

03  03 

03  03 

03 

03  03  03 

03 

03  03  03  03  03  03  03  03  03  03  03 

tlllOIIUOVVVOllVIOV 
>h>h1z;>h>h{z;>h>h>hSz;{>h>h>h^;!>h 


OTfi^^^^oOOOOOOOO 
E~rH.«HfHrH,-HCOOOt-C»r»l>l> 
i-H  tH  rH  «-H  rH  CN  03 


OCMNNNCMWNOCJOOOOO 

r-t-c-c-r-t-t-c-ooooooo 


oooooooooooooo 

cocotococococotococscncocoto 

oooooooooooooo 

UOUUUOUUUUUUUU 


00  © OOOOO  OO  ooooo 

*0  e0ec0  *°o  ““o  “o^o  % <W10Vh 
wUUOUOUUOOwwwcnw 


oooooooooooooo 

icnonMfflOOH'fON^N 


ooooooooaiQi'oooa; 

‘H  *H  •H  *H  *H  *H  *H  *pI  a . i 

rtrtrtrta)rtrtrtS-T!n!rtrtri 
ta0tsj0tl0lMtMW3U0W)M  03  W fcfl  W W 
d)0oniooo4)ooo4)d)d) 
Z'Z'Z&Z'ZZ'ZhbZ'ZZ'Z 


OOOOOOOOOOOOOOO 

«OtOOO)(ONOOOrtlfffflO 

noNrinn^MfiuiNH  mo 

r*H  rH  rH  rM 

AA 

oooooaivoooajooaa) 

.5  > .5  .2  .5  | .5  .5  .2  | is  is  .2  £ 

‘etirt'tS'S'cfl.-tH'cfl'tfl'cB'fd.lH'fti'ctirtrt 
W)  fcuo  tuo  W)  tuo  a bfi  tuo  tuo  bo  m w tuo  go  M 
ooaioooooooooajoa) 
SSgSfc&pHfc&fc&PHfc&fciZi 


irHpgcn*tinor-o3oso»HNo 


'fiotDt-fflaOHwnl'intot'CO 

HhhhhhNNNNNNNNN 


1 i; 


CONFIDENTIAL 


CONFIDENTIAL 


aCjuip  i«u|6|jo  io  }U03  J0(j 


pvHjiir  ,10.  pine. 


36 


CONFIDENTIAL 


On  the  supposition  that  some  mechanism,  other  than  surface  neu- 
tralization of  charge  due  to  the  ionization  of  the  air,  might  be  taking  place,  it 
was  decided  to  attempt  to  discharge  the  Vinyon  mat  in  vacuum.  If  discharge 
were  occurring  as  a result  of  gas -phase  neutralization,  it  would  be  expected 
that  the  filtration  efficiency  would  be  uneffected  in  vacuum.  If,  on  the  other 
hand,  some  other  phenomena  affecting  the  solid  resin  were  occurring,  it  would 
be  expected  that  the  behavior  would  be  the  same  in  vacuum  as  in  air.  This  ex- 
periment was  expected  to  distinguish  between  the  effect  of  charge  neutralization 
caused  by  ionic  conduction  in  air  and  other  possible  effects^)  resulting  from 
structure  damage  occurring  in  the  fiber  itself  caused  by  radiation  from  the 
gr90<  Figure  15  shows  the  results  of  a discharge  in  which  the  pressure  was 
reduced  to  approximately  1 mm  Hg.  It  may  be  seen  that  the  discharge  is  con- 
siderably decreased  in  the  absence  of  air. 

The  results  of  this  test  are  therefore  consistent  with  the  theory  that 
discharge  occurs  as  a result  of  ionization  of  the  air  and  subsequent  neutraliza- 
tion of  charge.  However,  since  the  pressure  was  reduced  to  only  1 mm,  and 
since  some  decrease  in  efficiency  did  occur,  these  results  cannot  be  termed 
conclusive.  It  is  possible  that  a combination  of  factors  is  accounting  for  the 
observed  behavior,  and  that  some  of  the  properties  of  Vinyon  are  being  perma- 
nently affected.  Without  more  work,  therefore,  it  is  impossible  to  evaluate 
the  over-all  effect  of  high-intensity  radiation  on  Vinyon. 


4,  The  Bounce-off  Effect 

It  was  proposed  that  information  about  the  role  of  bounce-off, 
described  in  Section  III,  in  Vinyon  filtration  behavior  might  be  investigated 
by  testing  a discharged  filter  while  an  electric  field  was  applied  across  the 
mat.  This  would  mean  the  bounce-off  effects  would  be  eliminated,  and  the 
efficiency  should  increase.  Figure  16  shows  the  result  of  such  a test,  in 
which  the  mat  was  tested  in  a constant  field  of  8.  5 kv/cm.  Figure  17  shows 
the  results  of  a similar  test,  in  which  the  field  strength  was  varied  through- 
out the  experiment,  as  shown.  Although  these  results  are  consistent  with 
the  bounce-off  theory,  they  are  not  conclusive.  Other  factors,  such  as  in- 
duced charges  on  the  fibers  or  charging  of  the  aerosol  droplets  by  corona 
discharge,  could  be  accounting  for  the  increased  efficiency  when  the  field  is 
applied.  Further  refinements  should  be  carried  out,  in  order  to  make  the 
results  conclusive. 

Another  attempt  to  observe  bounce-off  was  made  by  testing  a filter 
unit  made  up  of  packed  steel  wool.  This  filter  was  tested  with  the  fibers 
coated  with  a thin  layer  of  DOP;  results  were  compared  with  those  of  a test 
made  when  the  fibers  were  clean.  If  any  bounce-off  effects  were  present  in 
this  case,  they  were  not  large  enough  to  be  measured. 
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It  is  still  not  known  what  effect,  if  any,  bounce-off  has  on  aerosol 
filtration,  particularly  in  the  case  of  Vinyon.  In  future  work,  it  should  be 
kept  in  mind,  however,  that  such  a possibility  does  exist,  and  that  the  effect 
may  be  very  significant. 


5.  Vinyon  Electrets 


In  the  early  stages  of  experimental  work  on  this  contract,  attempts 
were  made  to  form  electrets  from  the  VYHH  vinyl  resin  from  which  the  Vinyon 
fibers  are  made.  It  was  found  at  this  time  that  temperatui  es  sufficiently  high 
to  melt  the  resin  also  caused  excessive  thermal  decomposition,  so  that  all 
attempts  to  make  electrets  failed. 

In  the  final  weeks  of  experimentation,  a different  approach  to  the 
same  problem  resulted  in  some  interesting  observations.  Unfortunately,  time 
did  not  permit  a thorough  evaluation  of  these  results.  It  was  found  that  when 
the  powdered  VYHH  resin  is  heated  in  an  oven  to  110°C  and  cooled  in  a field 
of  10  kv/cm,  the  resin  fuses  together  without  actually  reaching  a fluid  state 
and  forms  a disc  which  exhibits  electret  properties.  That  is,  its  surface 
charge  spontaneously  regenerates  after  radioactive  discharge,  and  the  opposite 
faces  of  the  disc  show  charges  of  opposite  polarity. 

In  conjunction  with  the  experiment  described  above,  several  samples 
of  the  fibrous  Vinyon  mat  were  subjected  to  similar  treatment.  These  samples 
were  heated  in  an  oven  to  70°C;  at  this  point  the  fibers  soften  and  coagulate 
somewhat,  and  cause  shrinkage  of  the  mat.  A field  of  10  kv/cm  was  then 
applied  across  the  sample  until  it  cooled  to  room  temperature.  The  resulting 
mats  showed  the  same  properties  as  the  VYHH  disc,  in  that  they  regained  a 
charge  on  the  surface  after  radioactive  discharge,  and  they  showed  opposite 
polarity  on  opposite  faces.  It  was  found  that  these  phenomena  occurred  with 
both  virgin  mats  and  mats  washed  with  carbon  tetrachloride  to  cause  discharge. 
In  addition,  it  was  noted  that  in  spite  of  the  physical  changes  caused  by  the 
thermal  treatment,  the  air  porosity  was  not  significantly  decreased. 

Because  of  this  latter  fact,  it  seemed  possible  that  an  interesting 
filter  might  be  made  in  this  manner.  Accordingly,  two  samples  of  Vinyon 
were  washed  with  carbon  tetrachloride,  in  order  to  cause  discharge  of  the 
internal  electrification.  Both  samples  were  subsequently  heated  to  70° C,  and 
one  was  allowed  to  cool  in  an  electric  field  of  10  kv/cm.  The  resulting  mats 
were  then  tested  for  DOP  penetration.  The  results  of  these  tests  are  shown 
in  Figure  18.  It  may  be  seen  that  the  sample  which  was  subjected  to  electret- 
forming  conditions  shows  a considerably  higher  initial  efficiency  than  the  con- 
trol, and,  in  addition,  the  characteristic  drop-off  of  efficiency  with  time  is 
evident. 
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Unfortunately,  time  did  not  permit  continued  experimentation  on 
this  aspect  of  the  work,  so  the  full  significance  of  these  results  is  still  not 
known  It  must  be  conceded,  however,  that  the  results  indicate  for  the  first 
time  that  electrets  may  be  capable  of  existing  in  forms  beneficial  to  aerosol 
filtration. 


D.  Resin  Wool  Filters 

Some  experimental  work  has  been  done  on  resin  wool  filters,  pri- 
marily for  the  purpose  of  comparing  their  performance  with  that  of  Vinyon. 
Figure  19  shows  the  typical  behavior  of  two  resin  wool  filters  when  tested  on 
DOP  smoke.  The  performance  of  these  filters  has  been  found  to  be  similar 
to  that  of  Vinyon  in  many  ways.  That  is,  the  filtration  efficiency  is  unaffected 
by  low  dosages  of  radiation,  but  is  decreased  by  exposure  to  the  high-intensity 
Sr90  source.  (See  Figure  20.)  In  contrast  to  the  Vinyon,  the  resin  wool  filters 
have  almost  no  external  field  or  surface  charge  present.  They  presumably 
function  by  means  of  microscopic  fields,  set  up  between  resin  particles  and 
the  wool  fibers,  which  balance  out  over  the  surface  of  the  mat  so  as  to  give 
a net  charge  on  the  surface  of  nearly  zero. 

It  has  been  found  in  preliminary  studies  that  the  filtration  perform- 
ance of  resin  wool  filters  is  improved  if  the  sample  is  tested  at  a slightly 
elevated  temperature.  Figure  21  shows  the  results  of  tests  in  which  samples 
were  stored  in  an  oven  at  130°F  for  one  and  two  hours  immediately  prior  to 
testing.  A similar  sample  was  removed  from  the  oven  and  allowed  to  cool 
to  room  temperature  for  a period  of  about  two  hours;  in  this  case,  the  effi- 
ciency dropped  down  again  to  its  normal  value.  It  is  tempting  to  correlate 
this  behavior  with  that  exhibited  by  disc  electrets  for  which  we  observed  that 
the  charge-producing  mechanism  appears  to  be  accelerated  by  higher  tem- 
peratures. 


The  VYHH  vinyl  resin  from  which  the  Vinyon  microfibers  are 
made  has  been  found  to  form  a good  resin  wool  filter  when  the  powdered 
resin  is  dusted  liberally  on  wool  felt.  Figure  22  shows  a comparison  of  the 
filtration  ability  of  a piece  of  untreated  wool  felt,  the  American  Optical  resin 
wool  filter,  and  wool  felt  treated  with  35  percent  by  weight  of  VYHH  resin. 
The  indication  here  is  that  the  resistivity  of  the  VYHH  resin  is  extremely 
high.  Although  measurements  of  resistance  confirm  that  this  is  true,  they 
do  not  determine  what  the  actual  value  in  a filter  is.  It  may  be  that,  as  in 
the  case  of  the  resin  wool  filter,  this  property  plays  a very  significant  role. 
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FIGURE  21 

EFFECT  OF  HEAT  ON  RESIN  WOOL  FILTRATION  ABILITY 
I - Control  Resin  Wool  Felt 

IT  - Resin  Wool  Felt  Heated  In  Oven  For  1 Hour  Prior  To  Testing 
TTT  - Resin  Wool  Felt  Heated  In  Oven  For  2 Hours  Prior  To  Testing 
Test  Aerosol  - 0.3m  Dloctyl  Phthalate  Smoke, Oven  Temperature  - 130  F 
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VI.  CONCLUSIONS  AND  RECOMMENDATIONS 


It  is  quite  obvious  from  the  work  done  on  this  contract  that  the 
problems  involved  in  the  development  of  an  aerosol  filter  incorporating 
electrets  are  numerous  and  complex.  Considerable  effort  was  devoted  to 
direct  attempts  to  form  filter  units  incorporating  electrets  in  various  forms. 
In  no  case,  however,  was  the  expected  enhancement  of  efficiency  observed, 
nor  was  a fall-off  of  efficiency  with  time  obtained.  This  latter  property  is 
characteristic  of  electrostatic  filter  materials  when  tested  on  DOP  smoke, 
and  is  apparently  due  to  neutralization  of  charge  by  the  conductive  oil  smoke. 
This  evidence  does  not  necessarily  mean  that  it  is  not  possible  to  form  filters 
incorporating  electrets  to  enhance  performance,  but  it  does  indicate  that  the 
phenomena  involved  are  not  yet  sufficiently  well  understood  to  allow  imme- 
diate realization  of  successful  application. 

Whether  or  not  the  American  Viscose  microfibers  derive  their 
filtration  ability  through  electret  mechanisms  is  still  not  known.  It  seems 
reasonably  certain  that  the  high  efficiencies  observed  are  due  to  electro- 
static action  of  some  type,  and  that  this  action  is  independent  of  the  pres- 
ence or  absence  of  an  external  field  or  surface  charge.  The  hypothesis  that 
electrets  are  responsible  for  Vinyon  behavior  is  an  attractive  one  in  many 
respects,  but  it  is  difficult  to  isolate  and  detect  any  concrete  evidence  sup- 
porting such  a mechanism.  On  the  other  hand,  it  is  also  difficult  to  propose 
an  alternative  mechanism  which  will  explain  the  observed  phenomena  as 
satisfactorily. 

Single  Vinyon  fibers  have  been  observed  to  regain  their  charge  in 
a fashion  similar  to  that  which  might  be  expected  from  electrets.  This  re- 
gain of  charge  has  been  very  small,  however,  so  that  it  is  not  possible  to 
say  whether  actual  electret  recovery  or  some  sort  of  leakage  of  charge  to 
the  fiber  was  taking  place.  The  fact  that  the  fibers  usually  regained  to  a 
positive  polarity  rather  than  to  the  negative  polarity  originally  present  in- 
dicates the  possibility  that  a surface  charge  could  have  been  masking  the 
electret  charge.  On  the  other  hand,  it  would  be  expected  that  a dipolar 
charge  distribution  would  be  evident  if  electrets  were  involved,  and  no  such 
observations  have  been  made  in  any  of  the  work  on  Vinyon. 

Work  on  the  gross  properties  of  the  virgin  mat  has  led  to  con- 
flicting data  and  results.  In  no  case  has  an  electret-type  regain  of  charge 
been  observed,  but  a very  definite  degree  of  internal  electrification  appears 
to  be  present.  In  many  ways,  this  internal  phenomenon  resembles  that  which 
is  found  in  resin  wool  filters.  That  is,  the  filtration  behavior  of  the  two 
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media  is  similar,  anu  radiation  dosages  of  the  same  order  of  magnitude 
are  necessary  to  cau  discharge.  In  neither  case  docs  a surface  charge 
indicate  the  presence  cf  this  internal  electrification.  With  the  resin  wool 
material,  the  behavior  can  be  quite  satisfactorily  explained  through  the 
mechanism  of  frictional  electrification  due  to  mechanical  handling  of  the 
mat.  As  can  be  observed  with  many  substances,  the  two  dissimilar  ma- 
terials, wool  and  resin,  are  capable  of  generating  frictional  charges  when 
they  are  rubbed  against  each  other.  It  also  seems  logical  that  this  type  of 
electrification  would  produce  no  external  field  or  net  charge  due  to  the  ran- 
dom distribution  of  resin  and  wool  throughout  the  filter.  Although  it  is  dif- 
ficult to  explain  the  long  shelf  life  of  the  units,  it  is  possible  that  conditions 
are  such  that  an  effective  resistivity  high  enough  to  prevent  significant  loss 
of  charge  is  present. 

With  the  Vinyon  material,  however,  the  Internal  structure  does 
not  appear  to  be  analogous.  Although  frictional  charges  can  be  readily 
generated,  these  charges  appear  as  a net  surface  dffect  and  have  no  influ- 
ence upon  the  filtration  ability  cf  the  material.  The  'fact  that  discharged 
mats  cannot  be  regenerated  by  mechanical  handling  indicates  that  there 
must  be  two  distinct  types  of  electrification  present.  The  first  is  the  sur- 
face charge,  or  external  electrification,  which  is  presumably  frictional. 

The  second  is  the  internal  electrification  which  is  responsible  for  the  filtra- 
tion characteristics  of  Vinyon.  This  latter  is  not  frictional  and  may  occur 
as  a result  of  the  conditions  of  manufacture. 

A possible  explanation  for  the  internal  electrification  is  that  some- 
thing related  to  electret  formation  does  occur  during  manufacture,  but  that 
these  electrets  are  incapable  of  regenerating  more  than  a negligible  amount 
of  their  electrification.  This  might  result  in  a visible  regain,  as  exempli- 
fied by  the  individual  fiber  studies,  but  the  regenerated  strength  might  be 
insufficient  to  affect  the  filtration  ability.  This  is  conceivable  in  that  the 
properties  of  fibrous  electrets  are  unknown. 

If  such  a mechanism  is  indeed  present,  it  becomes  obvious  that 
one  of  the  most  desirable  of  the  anticipated  features  of  electret  filters  is 
missing,  i.  e.,  the  ability  to  regenerate  charge  after  exposure  to  a dis- 
charging medium.  Without  this  feature,  it  appears  that  any  filter  function- 
ing by  means  of  electrostatic  action  will  be  subject  to  certain  inevitable  dis- 
advantages. These  disadvantages  have  been  recognized  in  the  case  of  the 
resin  wool  filters,  and  presumably  are  the  reasons  for  the  rather  limited 
use  to  which  the  filters  have  been  put. 

Even  if  an  electret  filter  did  show  the  ability  to  regain  its  charge, 
it  is  probable  that  it  would  still  tend  to  lose  at  least  a part  of  its  efficiency 
when  exposed  t.o  discharging  conditions  such  as  ionizing  radiations,  high 
humidity,  or  conductive  aerosols.  At  this  point,  however,  much  of  what 
can  be  said  must  still  be  based  on  conjecture. 
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In  the  final  stages  of  experimental  work,  it  was  found  that  by 
subjecting  Vinyon  to  thermal  and  electrical  conditions  favorable  to  the 
formation  of  electrets,  a filter  could  be  made  which,  outwardly  at  least, 
appears  to  function  by  means  of  electret-type  action.  Although  insuffi- 
cient time  was  available  to  allow  a complete  analysis  of  the  observations, 
it  appears  for  the  first  time  that  the  Vinyon  resin  is  capable  of  forming 
electrets  and  that  these  electrets  exist  in  a form  which  may  be  readily 
adapted  to  aerosol  filtration. 

Without  more  experimentation,  it  is  difficult  to  evaluate  these 
results  in  terms  of  the  properties  of  virgin  Vinyon  material.  It  may  be 
that  the  original  manufacturing  conditions  accomplish  essentially  the 
same  results  as  have  been  obtained  in  this  latter  experimentation,  except 
that  the  external  electret  properties  are  not  present,  due  to  the  random 
distribution  of  individual  fibers.  On  the  other  hand,  this  may  be  an  en- 
tirely different  mechanism  resulting  in  a product  with  similar  behavior. 

It  is  probable  that  continued  experimentation  on  this  aspect  wrou!d  lead 
to  a clearer  over -all  picture  of  the  properties  of  Vinyon  and  the  mecha- 
nisms by  which  it  functions  as  a filter. 

In  the  light  of  our  present  knowledge,  therefore,  it  appears 
that  continuation  of  this  work  for  another  year  would  be  advantageous. 

We  recommend  that  the  continued  effort,  while  retaining  the 
same  basic  objectives  as  the  present  contract,  allow  for  a more  funda- 
mental investigation  into  the  physical  chemical  phenomena  involved,  in 
order  to  improve  the  over -all  understanding  of  the  problem.  It  is  our 
belief  that  another  year  of  work  might  accomplish  two  things.  First, 
considerable  light  might  be  shed  upon  the  more  basic  aspects  of  electro- 
static fibrous  filter  behavior.  Second,  a second  year  of  work  might  re- 
solve many  of  the  unexplained  problems  of  fibrous  electrets  and  their 
potential  use  in  aerosol  filtration.  Such  a continuation  might  include  the 
following  objectives. 

1.  To  determine  the  role  of  electrets  and  electrified  ma- 
terials in  aerosol  filtration  media  with  special  attention  to: 

a.  The  mechanisms  of  particle  collection  in 
electrostatic  filters  such  as  the  American  Viscose 
microfibers  and  resin  wool  felts.  This  would  neces- 
sarily include  a study  of  such  factors  as  charge  dis- 
tribution within  the  filter,  particle  size,  particle- 
charge  distribution,  particle  dielectric  constant,  tem- 
perature dependence,  and  other  variables  which  might 
be  encountered  during  the  course  of  the  investigation. 
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b.  The  unexplained  phenomena  observed  during  the 
course  of  the  present  contract,  such  as: 

(1)  The  high  radiation  dosage  necessary 
to  affect  filtration  behavior  of  Vinyon 
when  low  dosages  rapidly  neutralize 
the  external  field. 

(2)  The  failure  of  even  extremely  high 
radiation  dosages  to  reduce  completely 
the  high  initial  efficiency. 

(3)  The  charge  regeneration  behavior  of 
single  Vinyon  fibers. 

(4)  The  mechanism  of  the  internal  electri- 
fication of  Vinyon. 

(5)  The  temperature  dependence  of  resin 
wool  filters. 

(6)  The  reason  why  nylon  fibers  manu- 
factured under  conditions  believed  to 
be  favorable  to  the  formation  of  elec- 
trets  showed  no  electrification. 

c.  The  properties  of  the  Vinyon  "electret"  filter,  in- 
cluding a study  of  such  factors  as: 

(1)  The  effect  of  discharging  mediums. 

(2)  The  shelf  life. 

(3)  The  effect  of  higher  field  strengths 
during  manufacture. 

d.  Conditions  necessary  for  discharge  or  breakdown  of 
electrostatic  media,  and  possible  methods  of  overcoming  or 
limiting  such  breakdowns. 

2.  Based  upon  the  results  of  1,  to  fabricate  and  evaluate  filters 
made  up  of  or  incorporating  electret  materials. 
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APPENDIX  A 

THE  ELECTRICAL  CHARACTERISTICS  OF  RESIN  IMPREGNATED  FILTERS 


SUMMARY  OF  FINDINGS  AT  PORTON;  ftoRTQN  REPORT  #2465 
W.  H.  Walton  - 15  December  1942 


1.  It  has  been  confirmed  that  the  high  efficiency  of  impregnated  filters  is  due 
to  the  electrical  attraction  of  dust  and  smoke  particles  to  the  fibers  of  the 
filter. 

2.  It  is  believed  that  the  resin  particles  have  a negative  charge,  and  that  an 
equally  induced  positive  charge  is  to  be  found  in  the  neighboring  regions 
of  the  fibers,  so  that  individual  fibers  and  filters  as  a whole  are  electri- 
cally neutral. 

3.  The  breakdown  of  impregnated  filters  is  due  to  leakage  or  neutralization 
of  the  frictional  charges  on  the  resin  particles. 

4.  Filters  retain  their  electrification  by  virtue  of  the  high  electrical  resist- 
ance of  the  impregnated  particles,  including  the  contact  resistance  be- 
tween the  particles  and  the  fibers. 

5.  No  electrical  test  has  yet  been  developed  which  will  enable  the  suitability 
of  a resin  for  use  as  an  impregnant  to  be  assessed. 

6.  A study  of  the  X-ray  dosage-penetration  characteristics  appears  to  be  a 
promising  method  of  measuring  the  degree  of  activation  of  the  filters. 
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